Abstract: We demonstrate that the general D = 3, N = 5 Chern-Simons matter theory possesses a full OSp(5|4) superconformal symmetry, and construct the corresponding superconformal currents. The closure of the superconformal algebra is verified in detail. We also show that the conserved OSp(6|4) superconformal currents in the general N = 6 theory can be obtained as special cases of the OSp(5|4) currents by enhancing the R-symmetry of the N = 5 theory from U Sp(4) to SU (4).
Introduction
The general N = 5 Chern-Simons matter (CSM) theory, as the dual gauge description of multi M2-branes was first constructed in Ref. [1] . It was also showed that the same physical theory can be built up in terms of the symplectic 3-algebra [2, 3] .
According to the gauge/M-theory dual, we expect that the N = 5 theory is not only super poincare invariant but also superconformal invariant 1 , i.e. it should have a full OSp(5|4) superconformal symmetry, just as that the N = 6 ABJM theory [8] has a complete OSp(6|4) symmetry [4] . But to our knowledge, only the poincare supersymmetry transformations of the N = 5 theory are given (see [1, 2, 3] ) in the literature. The action of the N = 5 theory is also invariant under scale transformations. However, classical scale invariance plus super-poincare invariance does not necessarily imply superconformal invariance. It is therefore important to derive the law of superconformal transformations of the N = 5 theory, and to verify that the action is invariant under the transformations. This is completed in Section 2. In addition, we derive the explicit expressions of the OSp(5|4) superconformal currents. These currents may be useful in that one can use them to construct the N = 5 M2-brane superconformal algebras, and to study the BPS brane configurations.
We also verify the closure of the OSp(5|4) superconformal algebra. In the literature, only the closure of the N = 5 poincare algebra was verified explicitly [2] . Thus our verification the OSp(5|4) superconformal algebra will fill this gap. The law of transformations generated by the bosonic algebra of OSp(5|4) bosonic transformations can be read off from our calculation of the commutators of two OSp(5|4) superconformal transformations.
On the other hand, since the N = 6 theory is a special case of the N = 5 theory, one should be able to derive the OSp(6|4) superconformal currents from that of N = 5. This is indeed the case: We demonstrate that the OSp(6|4) superconformal currents can be obtained as special cases of the OSp(5|4) ones by enhancing the supersymmetry from N = 5 to N = 6. In particular, we show that if we choose U (N ) × U (N ) as the gauge group, these OSp(6|4) superconformal currents are in agreement with the previous results derived directly from the ABJM theory [4] , as expected.
The OSp(8|4) superconformal currents associated with the N = 8 BLG theory [13, 14] were first constructed in Ref. [15] . We argue that they can be re-derived as special examples of the OSp(6|4) currents associated with the general N = 6 theory, since the N = 6 supersymmetry can be promoted to N = 8 if one chooses the bosonic subalgbra of P SU (2|2), i.e. SU (2) × SU (2), as the Lie algebra of the gauge symmetry [8] .
The paper is organized as follows. In Section 2, we verify that the general N = 5 theory has the full OSp(5|4) superconformal symmetry and construct the corresponding conserved supercurrents. In Section 3, we derive the OSp(6|4) superconformal currents by enhancing the R-symmetry from SO(5) to SO (6) . In Section 4, the closure of the OSp(5|4) superconformal algebra is verified. Section 5 is devoted to conclusions. Our conventions and some useful identities can be found in Appendix A. In Appendix B, we review the general N = 5 theory. In Appendix C, we present the details of the derivation of the N = 5 super poincare currents associated with the N = 5 theory.
OSp(5|4) Superconformal Currents

General Construction
In this section, we prove that the general N = 5 theory has a full OSp(5|4) symmetry, and derive the conserved OSp(5|4) superconformal currents. We begin by considering the poincare supersymmetry transformation of the action (see Appendix B for a review of the N = 5 theory). We denote the set of parameters of the N = 5 poincare supersymmetry transformations as ǫ I (I = 1, . . . , 5). According to the standard Noether method, if one allows ǫ I to depend on the spacetime coordinates, the super variation of the action (B.1) must take the form
since if the action is invariant under the N = 5 poincare supersymmetry transformations (B.5), (2.1) must vanish when ǫ I are constants. If the equations of motion are obeyed, the right hand side of (2.1) must vanish; integrating by parts, we obtain the conserved currents ∂ µ j I µ = 0. The details of the calculation of (2.1) will be presented in Appendix C. Writing the super variation of fermionic fields (see (B.5)) as δ ǫ ψ a A = (δψ) Ia A ǫ I , where
(The quantities appeare in (2.2) are defined in Appendix B.) then the N = 5 poincare supercurrents are given by
As usual, the set of conserved charges are defined as
If we impose the equal-time commutators
where Π A a (t,
, then the variation of an arbitrary field Φ can be defined as
Here Φ can be a scalar, fermion, or gauge field. It is not difficult to show that (2.8) gives the law of super poincare transformations (B.5) by using the canonical commutators. For instance, if Φ = ψ b B (t, x), using the canonical anti-commutator (2.5), one can easily prove that (2.8) gives the law of the supersymmetry transformations of the fermionic fields (see the second equation of (B.5)).
Without changing the physical content, it is possible to introduce the modified currents
The charges remain the same, i.e.
, since the total derivative term in (2.9) does not contribute to the integral. On the other hand, the modified currents j I µ are also conserved, i.e. ∂ µjI µ = 0, on account of that [γ µ , γ ν ] is antisymmetric in µ and ν. However, what interests us most is thatj I µ are γ-traceless
provided that the equations of motion of the fermionic fields are satisfied 2 . This allows us to define the new currentss
Using (2.10) and ∂ µjI µ = 0, one can immediately prove thats I µ are conserved: ∂ µsI µ = 0. Dimensional analysis suggests that the conserved charges
generate the superconformal transformations. Indeed, in Section 4, our calculation shows that [δ η 1 , δ η 2 ] does generate the special conformal transformation K µ , where δ η 1 is the transformation generated by (2.12).
We are now ready to derive the superconformal transformations of the matter fields and gauge fields. Plugging (2.9) into (2.11), we note that (2.11) can be rewritten as
Notice that the last term is just a total derivative term. As a result, we have the conserved charges
(2.14)
In analogue to (2.8), we define the superconformal variation an arbitrary field Φ as follows 15) where η I are a set of parameters, with I = 1, . . . , 5 a fundamental index of SO(5). Using (2.4)−(2.8), (2.14), and (B.5), one can readily derive the N = 5 superconformal transformations
where (δψ) Ia A is defined by (2.2), and the set of antisymmetric parameters η A B = η I Γ I A B
(I = 1, . . . , 5) satisfy the traceless conditions and the reality conditions
(2.17) 2 We only require that the currentsj I µ are conserved on-shell.
Alternatively, we can derive the N = 5 superconformal transformations (2.16) and currents (2.11) by adopting the method used to construct the N = 6 superconformal transformations and the corresponding currents of the ABJM theory [4] . Replacing ǫ I in the variation of the action (2.1) by γ · xη I ,
with η I independent of x µ , a short calculation shows that (2.1) becomes 
into the transformation of the fermion field. In other words, the action is also invariant under the new transformations, defined by replacing ǫ I by γ · xη I in the N = 5 super poincare transformations (B.5) and adding the additional term (2.20) into the transformation of the fermion field. The new transformations defined in this way are nothing but the N = 5 superconformal transformations (2.16). And the corresponding currents, derived by using the trick ǫ I → γ · xη I , are given by
which are exactly the same as the first two terms ofs I µ defined by (2.13). However, since the last term of (2.13) is a conserved total derivative term 3 , we are led to ∂ µ s I µ = ∂ µsI µ = 0 and
Hence the conserved currents s I µ are equivalent tos I µ defined by (2.13) or (2.11).
Currents in the
If one specifies the superalgebra (B.2) as OSp(M |2N ), or in other words, if one chooses the bosonic subalgebra of OSp(M |2N ) as the Lie algebra of the gauge symmetry, then the gauge group of the N = 5 theory in Appendix B becomes U Sp(2N ) × SO(M ) [1] . The same theory was constructed in a 3-algebra framework [2, 12] . The N = 5 theory with U Sp(2N ) × SO(M ) gauge group was conjectured to be the gauge description of multi M2-branes in orbifold C 4 /D k , whereD k is the binary dihedral group [1, 6] ; the dual gravity theory was investigated in Ref. [6] . The details of the construction of the N = 5 theory with U Sp(2N ) × SO(M ) gauge group can be found in Ref. [1, 2] . In this theory, both the scalar field Z kk A and spinor field ψ kk A take values in the bifundamental representation of U Sp(2N ) × SO(M 
And the superconformal transformations (2.16) now become
The supercurrents (2.9) and (2.11) now becomẽ
25) 
OSp(6|4) Superconformal Currents
In this section, we will first derive the OSp(6|4) superconformal currents associated with the general N = 6 theory from the OSp(5|4) currents by enhancing the supersymmetry of the N = 5 theory to N = 6. As a check, we then will construct the OSp(6|4) superconformal currents of the ABJM theory [8] by specifying the gauge group as the bosonic part of U (N |N ), and show that they are the same as the ones [4] constructed directly from the ABJM theory.
General Construction
In Ref. [1] , it has been shown that if the pseudo-real representation of the bosonic subalgebra of (B.2) can be decomposed into (R ⊕R), i.e. a direct sum of complex representation R and its conjugate representationR, then the U Sp(4) R-symmetry of the N = 5 theory will be enhanced to SU (4). As a result, the N = 5 supersymmetry will be promoted to N = 6. (For a 3-algebra approach, see [2, 10] .) Specifically, the authors of Ref. [1] have been able to derive the N = 6 theory from the N = 5 theory by decomposing the following N = 5 quantities into N = 6 quantities 4 :
The matrix τ ma b obeys the reality condition τ * ma b = −τ mb a . The reality conditions of the N = 5 theory (B.4) are decomposed into
which are in agreement with the expected N = 6 ones. In the N = 6 notation, the "fundamental identity" (B.6) reduces to [1] 
Using the above decompositions and the identity (A.17), the OSp(5|4) superconformal currents (2.9) and (2.11) 5 can be expressed in terms of the N = 6 fields as follows
where (δψ)
and (δψ) I ′ Aa is the complex conjugate of (δψ) I ′ Aa . Here we have used I ′ = 1, . . . , 5 to label the fundamental index of SO(5). And we have defined the N = 6 "momentum map" and "current" operators as [ 
Let us now try to lift the N = 5 currents (3.5) and (3.6) to N = 6 currents. Using the above decompositions (3.1)−(3.4), and the U Sp(4) identity (A.17), one can lift the N = 5 action (B.1) to an N = 6 action with manifest SU (4) R-symmetry (see Ref. [1] for details). Specifically, the N = 6 action is invariant if we apply the SU (4) R-symmetry transformations to the N = 6 fields: µ must be also conserved, namely,
Notice that under the SU (4) R-symmetry transformations (3.9), the currents (3.5) transform as
where In other words, we now have six copies of conserved currentsj J µ ; they take values in the 6 of SU (4). So (3.5) and (3.6) can be promoted to the OSp(6|4) currents of the N = 6 theory:
is defined via the second equation of (3.16), i.e. δ ǫψAa ≡ (δψ) I Aa ǫ I ; And (δψ) IAa is the complex conjugate of (δψ) I Aa . Since there are six conserved currentsj I µ , one can also lift the N = 5 super poincare transformations (B.5) to the N = 6 transformations [1]
The SO(6) gamma matrices Γ I AB are defined in Appendix A.2.3.
The parameters ǫ AB = ǫ I Γ I AB (I = 1, . . . , 6) satisfy
Similarly, one can lift the N = 5 superconformal transformations (2.16) to the N = 6 superconformal transformations:
The set of parameters η AB = η I Γ I AB (I = 1, . . . , 6) obey the anti-symmetry and reality conditions:
Finally, we would like to comment on the fundamental identity (3.4). It can be understood as the QQQ orQQQ Jacobi identity of the superalgebra [7] :
So we must select the bosonic subalgebra of (3.20) as the Lie algebra of the gauge group. One can specify (3.20) as one of the superalgebras [1]
For instance, if we select the bosonic subalgebra of U (N |N ) as the Lie algebra of the gauge symmetry, then the theory will become the well known N = 6 ABJM theory [8] .
In particular, if we specify (3.20) as P SU (2|2), whose bosonic part is SU (2) × SU (2), the supersymmetry will be enhanced to N = 8 [9, 8] , and the theory will become the well known N = 8 BLG theory [13, 14] . So the OSp(8|4) superconformal currents, which were first constructed by studying the N = 8 BLG theory directly [15] , should be also derived as specific examples of the currents (3.5) and (3.6) associated with the general N = 6 theory.
Currents in the ABJM Theories
The N = 6 super poincare and superconformal currents of the ABJM theory were first derived in Ref. [4] , by studying the ABJM theory derictly. In this section, we will show that they can be re-derived as specific examples of the OSp(6|4) currents (3.5) and (3.6) associated with the general N = 6 theory. To see this, let us first specify the superalgebra (3.20) as U (M |N ). Or in other words, we choose the bosonic subalgebra of U (M |N ) as the Lie algebra of the gauge symmetry. So the gauge group is U (M ) × U (N ). If M = N , it becomes the well-known ABJM theory [8] . The ABJM theory has been conjectured to be the gauge description of M2-branes probing a C 4 /Z k singularity.
We denote the scalar field its complex conjugate as Z A nn andZn n A , respectively. Here n = 1, ..., M is a fundamental index of U (M ),n = 1, ..., N an anti-fundamental index of U (N ). The fermionic field and its complex conjugate are denoted as ψ Ann andψ Ann , respectively. The U (M ) and U (N ) parts of the gauge potential are defined asÂ µkn and A µ k n , respectively. With these notations, the hermitian inner product of two matter fields can be written as a trace:Xn n Y nn ≡ Tr(XY ). (3.22) In order to compare our results with that of Ref. [4] , from now on, we assume that both n andn run from 1 to N .
In matrix notation, the N = 6 super poincare transformations (3.16) for the U (N ) × U (N ) theory are given by 7 :
where k is a constant. Writting the second equation as δ ǫψB = (δψ) I B ǫ I , with (δψ)
the superconformal transformations (3.18) now read:
And the currents (3.5) and (3.6) now become
then (3.26) and (3.27) can be written as
(3.31) 7 We refer the reader to Ref. [1] for the computational details.
The above OSp(6|4) currents for the ABJM theory are in agreement 8 with the ones constructed in Ref. [4] , since they are only up conserved total derivative terms. Indeed, both the last term of (3.30) and the last term of (3.27) are total derivative terms, and satisfy ∂ µ ∂ ν (B I µν ) = ∂ µ ∂ ν (γ · xB I µν ) = 0 on account of the fact that B I µν = −B I νµ . Similarly, one can also derive the OSp(6|4) currents associated with the N = 6, Sp(2N )× U (1) theory [1, 16] .
Closure of the OSp(5|4) Superconformal algebra
The closure of the N = 5 super poincare algebra was checked in our previous work [2] . In this section we will check the closure of the full OSp(5|4) superconformal algebra.
Let us begin by considering the scalar fields. In Ref. [2] , it was shown that 9
where δ ǫ 1 and δ ǫ 2 are two super poincare transformations, and Having (4.1), it is much easier to evaluate the commutator 8 Notice that our reality condition is ǫ *
, we worked in the symplectic 3-algebra framework. Here we present a Lie algebra version of the closure of the super poincare algebra, by converting the 3-algebra description into the conventional Lie algebra, using the method described in Ref. [3] . The key point is that the 3-algebra structure constants f abc d can be constructed in terms of the tensor product on the superalgebra (B.2): [3] . (One may also use certain curvature tensors to construct the 3-algebras [11] .) into the variation of the fermion fields (see Section 2.1). Using this idea and Eq. (4.1), we have immediately
Here
The last term of (4.8) is a direct consequence of (4.7). Notice that Eq. (4.8) is a gauge covariant equation. On the other hand, after some algebra, we find that (4.7) can be written as
where ). In particular, the first term indicates that the dimension of Z a A is 1 2 . Similarly, applying the replacement ǫ 2 → γ · xη 2 to the RHS of (4.8), and taking account of (4.7), we obtain
where
Notice that Eq. (4.14) is manifestly gauge covariant. Also, after some work, we obtain
We see that the first line is the standard special superconformal transformation, while the second line is just a gauge transformation.
Let us now check the gauge fields. In Ref. [2] , it was shown that
where Λ m 1 = Λ ab 1 τ m ab , and Λ ab 1 is defined by (4.4). The second term of the first line is a gauge transformation. And the second line is the equations of motion for the gauge fields. In order to use the ǫ 1 → γ · xη 1 trick, we must rewrite (4.19) as
since ǫ I 2 and ǫ J 1 are constant parameters. ("EOM" stands for "equations of motion".) Applying the replacement ǫ 1 → γ · xη 1 to the RHS of (4.20), and tacking account of (4.7), one obtains
where Λ m 2 is defined by (4.10). It can be recast into the form 
one can calculate [δ η 1 , δ η 2 ]A m µ by applying the replacement ǫ 2 → γ · xη 2 to the RHS of (4.21), while taking account of (4.7). After some algebraic steps, we obtain the desired results
where v ν 3 , Λ m 3 , and (S ρν ) µ σ are defined by (4.15), (4.16), and (4.23), respectively. It can be seen that the first line of (4.26) is the standard special conformal transformation.
Finally, we examine the fermion fields. In Ref. [2] , it has been checked that
The last two lines are the equations of motion for fermionic fields, i.e. E a A = 0, where
A , using the same strategy applied to the scalar and gauge fields. First, we have
Using the Fierz transformations (A.5), one can recast the above equation as
The first three lines are scale, Lorentz, and U Sp(4) R-symmetry transformations, while the last line is a gauge transformation and the equations of motion. The first line indicates that the dimension of the fermion field is 1. Finally, we have
(4.31)
It can be seen that the first line is the special conformal transformation, while the second line is a gauge transformation. Using the fact that v µ 3 can be written as v
Eq. (4.31) can be convert into the manifestly covariant form:
(4.33)
Conclusions
In this paper, we have verified that the general N = 5 theory has a complete OSp(5|4) superconformal symmetry, and constructed the corresponding conserved supercurrents; we have also derived the super currents in the N = 5, U Sp(2N ) × SO(M ) as special examples. The OSp(5|4) superconformal algebra was shown to be closed on shell. These OSp(5|4) superconformal currents may be useful in constructing the M2-brane superconformal algebras, and in studying the BPS brane configurations. We have demonstrated that the OSp(6|4) superconformal currents associated with the general N = 6 theory can be obtained as special cases of the OSp(5|4) superconformal currents by promoting the U Sp(4) R-symmetry to SU (4). Specifying the gauge group as U (N ) × U (N ), we have been able to rederive the OSp(6|4) superconformal currents associated with the ABJM theory which were first constructed in Ref . [4] .
We have also argued that the OSp(8|4) superconformal currents associated with the N = 8 BLG theory [15] can be re-derived as the special cases of the general OSp(6|4) currents by enhancing the SU (4) R-symmetry to SO (8) . However, it would be nice to prove this relation explicitly.
In this paper, we have worked in an ordinary Lie algebra framework. However, it would be nice to construct all these supercurrents in a 3-algebra framework.
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A. Conventions and Useful Identities
The conventions and identities of this appendix are mainly adopted from Ref. [3] .
A.1 Spinor Algebra
In 1 + 2 dimensions, the gamma matrices are defined as
For the metric we use the (−, +, +) convention. The gamma matrices in the Majorana representation can be defined in terms of Pauli matrices: (γ µ ) α β = (iσ 2 , σ 1 , σ 3 ), satisfying the important identity
We also define ε µνλ = −ε µνλ . So ε µνλ ε ρνλ = −2δ µ ρ . We raise and lower spinor indices with an antisymmetric matrix ǫ αβ = −ǫ αβ , with ǫ 12 = −1. For example, ψ α = ǫ αβ ψ β and γ µ αβ = ǫ βγ (γ µ ) α γ , where ψ β is a Majorana spinor. Notice that γ µ αβ = (Ð, −σ 3 , σ 1 ) are symmetric in αβ. A vector can be represented by a symmetric bispinor and vice versa:
We use the following spinor summation convention:
where ψ and χ are anti-commuting Majorana spinors. In 1 + 2 dimensions the Fierz transformations are
Finally, we define
A.2 SO(4), SO (5), and SO(6) Gamma Matrices
A.2.1 SO(4) Gamma Matrices
We define the 4 sigma matrices as
by which one can establish a connection between the SU (2) × SU (2) and SO(4) group. These sigma matrices satisfy the following Clifford algebra:
We use antisymmetric matrices
to raise or lower un-dotted and dotted indices, respectively. For example, σ a †ȦB = ǫȦḂσ a †Ḃ B and σ aBȦ = ǫ BC σ a CȦ . The sigma matrix σ a satisfies a reality condition
A.2.2 SO(5) Gamma Matrices
We define the SO(5) gamma matrices as 10
Notice that Γ I A B (I = 1, . . . , 5) are Hermitian, satisfying the Clifford algebra
We use an antisymmetric matrix ω AB = −ω AB to lower and raise indices; for instance
(A.14)
It can be chosen as the charge conjugate matrix:
(Recall that A andḂ of the RHS run from 1 to 2.) By the definition (A.12) and the convention (A.14), the gamma matrix Γ I is antisymmetric and traceless, and satisfies a reality condition
There is a useful U Sp(4) identity
A.2.3 SO(6) Gamma Matrices
Define the first five gamma matrices as the SO(5) gamma matrices (A.13), and define Γ 6 AB = iω AB and Γ 6AB = iω AB (see (A.15) for the definition of ω AB ), we then have the Clifford algebra 11
where I, J = 1, . . . , 6. The gamma matrices Γ I AB satisfy the antisymmetry and reality conditions
The SU (4) generators are defined as
B. A review of the N = 5 theory
The N = 5 action is given by [1, 3] 
11 In order to avoid introducing too many indices, here we still use I to label the SO(6) indices, while in Appendix A.2.2, we use it to label the SO(5) indices. We hope this will not cause any confusion.
Here A = 1, . . . , 4 is a fundamental index of the U Sp(4) R-symmetry group, and ω AB is the antisymmetric form of U Sp(4), satisfying ω AB ω BC = δ C A . The gauge group index a runs from 1 to 2L, and the algebra of the gauge group must be chosen as the bosonic subalgebra of the superalgebra,
where k mn = k nm and ω ab = −ω ba are invariant forms on the superalgebra. The inverse of ω ab is denoted as ω bc , satisfying ω ab ω bc = δ c a ; and we use ω to lower or raise indices (for instance, τ m ab = ω ac τ mc b ). We also use k mn to lower indices; for instance, C mnp = k mq k ns C qs p . Following Ref. [5] , in (B.1), we have defined the "momentum map" and "current" operators as
(B.
3)
The matter fields satisfy the reality conditions
The N = 5 super poincare symmetry transformations are given by
The set of antisymmetric parameters ǫ A B = ǫ I Γ I A B (I = 1, . . . , 5) are required to obey the traceless conditions and the reality conditions
(The SO(5) gamma matrices Γ I A B are defined in Appendix A.2.2.)
The reason for choosing the bosonic subalgebra of (B.2) as the algebra of gauge symmetry is the following: In constructing the N = 4 theory of Gaiotto and Witten (GW) [5] , GW showed that in order to promote the supersymmetry from N = 1 to N = 4, the representation matrices of the algebra of gauge symmetry must satisfy the "fundamental identity"
(B.6) GW [5] solved the above equation by converting it into the QQQ Jacobi identity of the superalgebra (B.2). Eq. (B.6) must also hold in the N = 5 theory, since the N = 5 theory can be derived as a special case of the N = 4 theory [1] . The superalgebra (B.2) can be specified as one of the superalgebras
where α is a continuous parameter.
C. Derivation of the N = 5 Super Poincare Currents
In this Appendix, we will construct the N = 5 super poincare currents by using the Noether method. According to our discussion in Section 2.1, we expect that under the super poincare transformations (B.5), the variation of the N = 5 action (B.1) takes the form
where the set of parameters ǫ I (I = 1, . . . , 5) are allowed to depend on the spacetime coordinates x µ . Let us begin by calculating the variations of the kinematic terms of matter fields. They are given by
where γ µν is defined by (A.6), and (δψ) Ia A is defined via the δ ǫ ψ a A = (δψ) Ia A ǫ I , i.e.
(δψ)
The super poincare variation of the Chern-Simons term is given by
Writing the Yukawa terms in (B.1) as
Finally, the super variation of the potential reads
Dropping the total derivative terms, and adding everything together, we obtain
Here we use "ψ 3 Z terms" to represent all terms that are third order in ψ and first order in Z, and "ψZ 5 terms" has a similar meaning. And we use "ψ(DZ)Z 2 terms" to present all terms that are proportional to ψ(DZ)Z 2 , with D the covariant derivative. We will prove that
Let us first prove that all the ψ 3 Z terms cancel; they are given by (see the last line of (C.3) and the first line of (C.7))
To prove that (C.12) vanishes, we need the following two key identities
Using the U Sp(4) identity (A.17), one can show that (C.13) is equivalent to the well-known identity:
Also, notice that (C.14) is equivalent to
where ψ 1 , ψ 2 , and ψ 3 are arbitrary spinors. Multiplying both sides of (C.13) by the parameters ǫ EF , one obtains the identity
Multiplying both sides of (C.17) by τ m ab ψ Ba (ψ Db J CA m ), we have
Using (C.16), the last term of the first line of (C.18) can be converted into:
Using the fundamental identity k mn τ m (ab τ n c)d = 0 (see (B.6)), the second term of the RHS of (C.19) can be decomposed into two terms:
Notice that the second term of (C.21) has the two different expressions:
. We have used (B.6) and (C.16) to derive the first line and the second line, respectively. Taking the average of the two lines of (C.22) gives
Notice that the left hand side is proportional to (C.12), so (C.12) does vanish, i.e. all ψ 3 Z terms cancel. Let us now try to prove that the ψ(DZ)Z 2 terms cancel; they are given by the last line of (C.2), the fourth line of (C.3), and the second line of (C.7):
Using the fundamental identity k mn τ m (ab τ n c)d = 0, (C.25) can be recast as 2i 3
which vanishes on account of the identity (C.17). Finally, we need to take care of the ψZ 5 terms; they are given by (C.9) and the last two lines of (C. We now have to prove that (C.29) vanishes. To simplify the task, let us introduce some shorthands To prove that (C.31) vanishes, we need to establish some connections between the quantities defined in (C.30). Taking account of the identity (C.13) and (C.17), we have which is nothing but the identity (C.37). This completes the proof that all ψZ 5 terms cancel. In summary, we have 
